INTRODUCTION
A variety of inelastic heterogeneous solids subjected to impact undergo significant load-induced energy dissipation due to the development of multiple cracks and/or voids. Indeed, the evolution of new internal boundaries can occur on multiple length and time scales, and often occur without loss of structural integrity due to the load redistribution and material inhomogeneities. While the ability to predict these events may seem to be extraordinarily costly and quite complex, there are multiple structural applications where an effective model would save considerable expense. Such examples include geologic salt, sea ice, polymer composites, tank armor, and plastic ballistic explosives. In all of these materials, experimentally based design methodologies are extremely costly, therefore suggesting the need for improved models.
In inelastic media, the problem of crack growth is particularly complicated by the fact there are at least two competing energy mechanisms that occur essentially simultaneously whenever one or more cracks run: bulk material dissipation; and fracture energy. Thus, it can be quite difficult to separate the various sources of energy dissipation by experimental methods. Furthermore, due to material heterogeneities that can occur on multiple length scales, cracks can coexist over a broad range of length scales simultaneously and the energy dissipated on these differing length scales can nevertheless be of the same order of magnitude. Finally, since material viscoelasticity by its very nature implies that there are governing time scales in the material behavior, widely differing fracture events can be observed on differing time scales.
Multiscale algorithms for problems of this type have until recently been untenable. This is due to the fact that the problem must be solved recursively on any and all length scales and at all locations in which the material microstructure is evolving in time. However, due to the developments mentioned above, as well as the vast improvement in computing power of the last decade, it is now possible to solve two-dimensional problems on two, three, and even four length scales by utilizing a single processor desktop computer. Similarly, solutions in three dimensions are possible on a dual processor desktop computer. These solutions are obtained by using standard time marching multi-scale algorithms, linked by appropriate homogenization theorems, to solve problems that permit the prediction of the evolution of hundreds, even thousands of cracks simultaneously. In this paper, several example solutions for the media listed above will be given in order to demonstrate the power of the method.
